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(g) Method of producing Cu - Ag alloy based conductive material. 
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more, and finally cold-working to a reduction in area of 90 % or more as defined based on the cast rod. 
This makes it possible to produce conductive material having a high strength of 700 MPa or more and 
conductivity of 75 %IACA or more. 
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The present invention relates to a method of producing a Cu - Ag alloy based conductive material employ- 
able for high field magnets such as I ng pulse magnets r the like. 

In recent years, a variety of re earch, which uses a high intensity of magnetic field, hav be n widely con- 
ducted in the fields of physics, engineering, medical science and so forth. Consequently, corresponding de- 
s velopment works have been Intensively conducted for providing high field magnets. In the circumstances, a 
Cu - Ag alloy with a high strength and high conductivity has been developed. This material is expected to be 
utilized as a raw material for a so-called long pulse magnet which generates a very high magnetic field in excess 
of 80T with a longer duration time of several milliseconds to several ten milliseconds. The long pulse magnet 
is used for investigating the phenomena of superconductivity. 
10 The conventional Cu - Ag alloy is produced by way of the steps of casting a Cu based alloy containing about 

10 to 1 6 at % of Ag by an Ingot casting process, hot-forging the casted ingot at a temperature of 450 °C, intermediate 
heat treatment at a temperature of 400 °C or 450 °C for 2 to 10 hours, grinding or facing, and f inally cold-drawing. 

However, it has been found that the conventional conductive Cu - Ag alloy produced in the above-described 
manner has the following drawbacks. 
15 Since hot-forging can process a small amount of alloy at a time due to a restricted temperature range, heat- 

ing and forging should be repeated many times. Since flaws are likely to appear on the surface of the alloy 
during each hot-forging, there arises the necessity for feeing the surface, resulting in the low yield and high 
cost When producing large ingot aiming a long wire, segregation occurs easily in the casting process, and 
moreover the casted ingot is liable to crack during hot-forging. Another drawback is difficulty to produce wires 
20 with a small diameter. When the Ingot casting process Is employed, the slow rate of cooling will cause precip- 
itation in the ingot, which leads to a failure in the stable production of the materials with expected conductivity 
and strength. The drawback appears more remarkably in the production of large size ingots. 
The present invention has been made In consideration of the foregoing background. 
An object of the present invention is to provide a method of stably producing a conductive material with 
25 high strength and high conductivity not only at a reduced cost but also at an improved yielding rate. 

According to one aspect of the present invention, there is provided a method of producing a Cu - Ag alloy 
based conductive material, wherein the method comprises a step of continuously casting a Cu based allow 
containing 10 to 20 at % of Ag and the balance consisting of Cu and unavoidable impurities and quickly cooling 
the cast rod at a rate where no precipitation occurs, a step of subjecting the cast rod to cold-working to a re- 
30 ductton In area of 80% or more, a step of subjecting the cold-working rod to heat treatment at a temperature 
of 250 to 350°C for 1 hour or more, and a step of subjecting the heat-treated rod to cold-working to a reduction 
in area of 90% or more as defined based on the cast rod. 

According to the present invention, a conductive material having a high strength (700 MPa or more in ten- 
sile strength) and high conductivity (75 %IACAormore) can be stably produced at high productivity and a lower 
35 cost When the conductive material is employed for high field magnets, a very high intensity of magnetic field 
can be generated in excess of 80T. Thus, utilization of this material contributes towards the clarification of su- 
perconductive phenomena as well as the promotion of basic research activities which need a very high intensity 
of magnetic field. This material will be also effectively used for lead frame of IC, electrodes, and reinforce- 
ment/stabilization of superconductive wires. 
40 Some embodiments of the invention will now be described by way of example with reference to the ac- 

companying drawings, in which: 

Fig. 1 a Is a SEM photograph of the transverse cross-section of an as-cast Cu - Ag alloy produced according 
to the present invention; 

Fig. 1b is a similar cross-section at a higher magnification; 
45 Fig. 2a Is a SEM photograph of the transverse cross-section of an as-cast Cu - Ag alloy produced by the 

conventional method; 

Fig. 2b is a similar view at a higher magnification, and 

Fig. 3 is a diagram for illustrating the definition of "cooling rate". 

In a continuous casting process, the "cooling rate" is defined as the average cooling rate. The average 
so cooling rate, R is represented by the following equation: 

R(°C/Sec.) = t1 " a 

— .60 
V 

in which tl is a solidifying temperature (°C). t2 is a temperature in an outlet, 1 is the length from the solidifying 
55 point to the outl t f a rod as shown In Fig. 3 and V Is the casting speed (mm/min). 
Some practical xampies of cooling rates are as follows. 

In a case where the rod diameter is 8mm, V = 500 mm/min.. 1 = 350mm, t1 = 1100°C, t2 = 100°C and R 
= 23.8°C/sec. 
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In a case where the rod diameter is 14mm, V = 300 mm/min., 1 = 350mm, t1 = 1100°C, t2 = 150°C and R 
= 13.6 °C/sec. 

In a case where the rod diameter is 40mm, V « 40 mm/min., 1 = 200 mm, t1 = 1100°C, t2 = 300°C and R 
= 2.7 °C/sec. 

In a case where the rod diameter is 60 mm, V = 20 mm/min., 1 = 200mm, t1 = 1100°C, t2 = 400°C and R 
= 1.2°C/sec. 

Thus it can be inferred that the rate depends on the diameter of the rod. If the diameter is a maximum of 
60mm, the cooling rate is preferably 1 °C/sec or more. 

The present invention will now be described in detail by embodiments. 

In the present invention, the conductive material produced is produced by using a Cu based alloy contain- 
ing 10 to 20 at % of Ag and the balance consisting of Cu and unavoidable impurities. 

The composition of the alloy is determined such that the product material exhibits an excellent workability 
in addition to high strength and high conductivity. In detail, if the Ag content is lower than 10 at %, a product 
material exhibits an insufficient strength. On the contrary, if It exceeds 20 at % f the workability of a product 
material is degraded while the strength is left substantially unchanged. For this reason, it is preferable that a 
content of Ag is set to the range from 12 to 18 atomic percentages. 

The method of the present Invention wll be described in detail as follows: 

(1) First, a Cu based alloy rod is produced from a raw material mentioned above by a continuous casting 
process. For the present invention, the cooling rate is very important. It is necessary that the casted rod 
is cooled at the rate where any precipitation do not occur in the rod. The photograph of scanning electron 
microscope for the cast structure of rap idly cooled rod is shown in Fig. 1 , that of conventional ingot casting 
process is shown in Fig. 2. As is apparent from these photographs, the cast structure of the Cu - Ag alloy 
is basically such that an eutectic phase 2 composed of a phase (Cu solid solution) and p phase (Ag solid 
solution) are uniformly distributed in the matrix of a-phase 1 in a net-shaped pattern surrounding the a 
phase 1. In the a phase, Ag is dissolved in the high concentration of Cu. in the p phase, Cu is dissolved 
in the high concentration of Ag. As shown In Fig. 1 , no precipitation Is recognized in the structure of the 
Cu - Ag alloy produced by continuous casting with rapid cooling. Further, Fig. 2 shows a number of pre- 
cipitated particles 3 in the cast structure of the conventional Cu - Ag alloy. The precipitation in this stage 
makes it difficult to control precipitation during subsequent working and heat treatment, and moreover, 
there is a possibility that final products do not exhibit enough strength and conductivity. Consequently, 
rapid coding in the present invention makes it possible for the Cu - Ag alloy based conductive material to 
have a high strength and high conductivity. A proper diameter of cased rod is about 5 to about 50 mm. The 
larger diameter of the rod increases the conductivity in the final properties of product. 

(2) Next, the rod-shaped product is subjected to cold- working. The extent of the cold-working Is set to 80 % 
or rnore, preferably 90 to 95 % in terms of an area reduction rate. I f the area reduction rate (= [a cross- 

'"seHional area of the rod prior to working - a cross-sectional area of the rod after working] / [a cross- 
sectional area of the rod prior to working] x 1 00) is less than 80 %, a strength of a product alloy is reduced. 

(3) Su teequently, the wire produced by cold-workino is subjected to heat trea tment at a temperature of 
^ 250 to 350 °C for 1 hour or more. Specifically, the heat treatment time should be 10 hours or more at the 

temperature o f 250 °C, 1 to 1 0 hours at 300 °C. and 1 to 5 hours at 350 °C. In the case that the heat trea t- 
ment temperature is lower than 250 °C or the heat treatment time is shorter than 1 hour, the conductiv ity 
y of a productwjrgj.e , onfl Anal properties is degraded. If the heat treatment temperature Is ^higher 



than 350 °C , the strength of wire is de graded. 
(4) T hereafter, the heat-treated wire is subjected to cold-working to a reduction in area of 90 % or mor e 
as defined based on the cast rod, more preferably at 95 to 99 %. In the case of cold working to a reduc tion 
in area of less than 90 fo , « «uffiriftnriy high strength could not be obtained w ith the wire. 
A Cu - Ag conductive material could be produced by way of these steps at high productivity and at a high 
yield with excellent reproductlvity. 

In addition, it is found that the strength and the conductivity of a product wire could be improved further 
by heat treatment at a temperature of 400 to 500 °C for 2 to 50 hours before the step as described in the para- 
graph (1), I.e., before the cast rod is subjected to cold working. Specifically, the heat treatment time should 
be 10 to 50 hours at the temperature of 400 °C, 5 to 50 hours at 450 °C, and 2 to 20 hours at 500 °C. It should 
be noted that an advantageous effect derived from the process could not be obtained if the temperature and 
time of heat treatment is out of the aforementioned range. 

Additi nally, after completi n of step (4) wh n th final diameter of its wire is specified, the conductivity of 
the wire coul d be improved with f w reduction of the strength by the heat treatment for 1 hour or more at a tem- 
perature cTT50 to 300 °C. Specifically, the heat treatment tim should be 5 hours or more at tne temperatur e of 
-tsO^C, 1 to 50 hours at 200 °C. 1 to 20 hours at 200 °C and 1 t 5 hours at 300 °C. If th h at treatment tem- 
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perature is lower than 150 °C or the heat treatment time is shorter than 1 hour, the conductivity of a product 
wire could not sufficiently be Improved. If the heat treatm nt temperature is higher than 300 °C, the str ngth 
is remarkably degraded. 

When a final product of wire is specified to have a rectangular cross-section, it is desirable to shape the wire 
5 in the step (4) after a heat treatment for several hours, e.g., for 1 to 2 hours at a temperature of 250 °C or less. 

Next, a few examples of producing a conductive material according to the present invention will be de- 
scribed below. 

Example 1 

10 

A Cu based alloy containing 16% of Ag and the balance of Cu was continuously casted in the form of a 
rod with a diameter of 8 mm by use of a horizontal type continuous casting machine which had a graphite mold 
and a water cooling jacket around the periphery of the graphite mold. In this example, the temperature of molten 
metal was 1300 °C and the cast rod was quickly cooled. The cast rod was cold drawn until the diameter of a 

15 wire was reduced to 2 mm, which corresponded to a reduction in area of 93.8 %. Thereafter, the wire was then 
heat treated at a temperature of 300 °C for 1 hour. Subsequently, the wire was cold drawn until the diameter 
of a wire was reduced to 1.2 mm, which corresponded to a reduction in area of 93.8 % as defined based on 
the cast rod to produce a Cu - Ag alloy based conductive material having a rectangular cross-sectional shape 
with a thickness of 0.8 mm x a width of 1 .2 mm. 

20 Conductivity and a tensile strength of the Cu - Ag alloy based conductive material having a rectangular 

cross-sectional area were measured at the room temperature. The results are shown in Table 1. It should be 
noted that conductivity of the Cu - Ag based conductive material was measured by double-bridge method for 
a length of 300 mm of testpleces each having a length of 400 mm. A tensile strength was measured for the 
length of 250 mm of the same testpieces with the cross head speed of 10 mmVmin by operating a testing ma- 

25 chine manufactured by Shimazu Co., Ltd. 

Example 2 

A Cu - Ag alloy based conductive material having a rectangular cross-sectional shape with a thickness of 
30 0.8 mm x a width of 1 .2 mm or a thickness of 4 mm x a width of 6 mm was produced In the same manner as 
Example 1 with the exception that an outer diameter of each cast rod and heat treatment conditions and cold- 
working conditions for the cast rod were changed as shown in Table 1 . 

Conductivity and a tensile strength of the Cu - Ag alloy based conductive material were measured, in the 
same manner as Example 1. The results are shown in Table 1. 

35 

Comparative Examples 1 to 8 

Cast rods were produced in the same manner as Example 1. Cu -Ag based alloy conductive materials each 
having a rectangular cross-sectional shape with a th tckness of 0.8 mm x a width of 1 .2 mm were then subjected 
40 to cold-working using the foregoing cast rods in the same manner as Example 1 with the exception that heat 
treatment conditions and cold-working conditions for each cast rod were changed as shown in Table 2. 

Conductivity and a tensile strength of each testplece were measured. The results are shown in Table 1. 

Comparative Example 9 

45 

A Cu based alloy having the same composition as that in Example 1 was cast by employing an ingot casting 
process to produce cast ingots each having a diameter of 95 mm. Each cast ingot was repeatedly heated and 
forged several times at a temperature of 450 °C to produce a rod having a diameter of 45 mm, and subsequently, 
this rod was subjected to planing to obtain a rod with a diameter of 40 mm. Thereafter, the rod was subjected 

so to heat treatment and cold working under operative conditions as shown in Table 1 to produce a Cu - Ag based 
alloy conductive material having a rectangular cross-sectional shape with a thickness of 4 mm x a width of 6 
mm (a reduction in area of 99.7 %). 

Conductivity and a tensile strength of the thus obtained Cu - Ag based alloy conductive material were 
measured. The results are also shown in Table 2. 

55 As is apparent from th results shown in Tables 1 and 2, according to th present invention, Cu - Ag all y 

based conductive material each having a high strength and excellent conductivity employable for high field magnets 
can b produced at high productivity and at an Improved yield whil maintaining excellent re productivity. 
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Claims 

s 1. A method of producing a Cu - Ag alloy based conductive materia] containing 1 0 at % to 20 at % of Ag and 
the balance consisting of Cu and unavoidable impurities, comprising the steps of: 

(a) continuously casting a Cu based alloy containing 10 at % to 20 at % of Ag and quickly cooling the 
cast rod at a rate where no precipitation occurs; 

(b) subjecting the rod to cold-working to a reduction in area of 80 % or more; 

10 (c) subjecting the rod to heat treatment at a temperature of 250°C to 350°C for 1 hour or more; and 

(d) subjecting the rod to cold-working to a reduction in area of 90% or more as defined based on the 
cast rod. 

2. The method of claim 1. wherein the cold-worked rod is subjected to a further step (e) of heat treatment 
15 at a temperature of 1 50°C to 300°C. 

3. The method of daim 1 f wherein a content of Ag is 12 at % to 1 8 at %. 



so 
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4. A method of producing a Cu - Ag alloy based conductive material containing 1 0 at % to 20 at % of Ag and 
the balance consisting of Cu and unavoidable impurities, comprising the steps of: 

(a) continuously casting a Cu based alloy containing 10 at % to 20 at % of Ag and the balance consisting 
of Cu and unavoidable impurities and quickly cooling the cast rod at a cooling rate which does not cause 
precipitation; 

(b) subjecting the rod to heat treatment at a temperature of 400°C to 50O°C for 2 hours to 50 hours; 

(c) subjecting the rod to cold-working to a reduction in area of 80 % or more; 

(d) subjecting the rod to heat treatment at a temperature of 250°C to 350°C for 1 hour or more; and 

(e) subjecting the rod to cold-working to a reduction In area of 90% or more as defined based on the 
cast rod. 

5. The method of claim 4, wherein the cold-worked rod is subjected to a further step (f) of heat treatment 
30 at a temperature of 150°C to 300°C for 1 hour. 

6. The method of claim 4, wherein the content of Ag is 12 at % to 18 at %. 

7. ACu - Ag alloy produced by the method of any preceding claim and suitable for use as a high field magnet. 

35 
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FIG.2(a) 
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